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THE GROUND-WATER RESOURCES OF DELAWARE COUNTY, NEW YORK 


By Jul ian Soren 


ABSTRACT 


Ground water is the principal source of water-supply for a population of 
more than 44,000 in Delaware County, a topographically rugged area of 1,470 
square mi les in the Catski I I Mountains of southeastern New York State. Apout 
66 percent of the water used in the county is obtained from wel Is and springs; 
the rest is provided from streams. Publ ic supply systems provide water to 
about 51 percent of the county's population. 


The principal aquifers of the county are gently folded continental red, 
gray, and gray-green sandstones, si Itstones, and shales of Late Devonian age 
and stratified drift of Pleistocene age. A very smal J amount of water is drawn 
from Pleistocene ti I I and from Upper Devonian marine rocks which crop out in a 
sma I I area in the northern and northwestern parts of the county. Most of the 
we I Is tap bedrock aquifers; the stratified drift, where coarse and saturated, 
is potentially a greater producer, but these deposits are relatively undeveloped 
in most of the county. Yields from bedrock wel Is reportedly range as high as 
550 gpm (gal Ions per minute), although most are less than 50 gpm. Yields up 
to 1,000 gpm have been reported from wel Is in saturated, coarse stratified drift, 
and yields of more than 100 gpm are common from wel Is in such deposits. Yields 
from dug wel Is in ti I I are generally a few hundred gallons per day. Much ground 
water discharges naturally from springs throughout the county, and many springs 
are uti I ized for individual and publ ic supply systems. Reported spring yields 
of ) to 10 gpm are common and others range upward to 100 gpm. 


The ground water of Delaware County is usually soft, contains moderate to 
high concentrations of iron, and is usually low in dissolved sol ids. In a few 
areas of the county, the ground water is moderately hard to hard and has high 
chloride and dissolved-sol ids concentrations; hydrogen sulfide and natural gas 
also have been reported. These objectionable qual ities are attributed to 
marine beds of the Middle Devonian and,perhaps, older marine units where these 
rocks are nearer the surface along low anticl inal crests and faults, and where 
faults and joints may provide paths for migration of water to the overlying 
strata from which the water is tapped. 


There are no indications that the ground-water resources of the county 
are being depleted, and the supply is bel ieved capable of considerably greater 
development. particularly from the thick deposits of stratified dr'ift in the 
larger valleys. 
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INTRODUCTION 


The study of the ground-water resources of Delaware County is part of 
a general investigation of these reSOurces in New York being made by the U.S. 
Geological Survey in cooperation with the New York Water Resources Commission. 
Ground water is the principal source of supply for many homes, farms, businesses, 
and vi Ilages in the county. 


Purpose and Scope of Investigation 


The purpose of the investigation is to assemble and evaluate readi Iy avai 1_ 
able information on the occurrence, avai labi I ity, and chemical qual ity of ground 
water in the county to aid in the development and uti I ization of this vital 
natural resource and to provide a basis for further studies, if needed. An 
index map (fig. I) shows the location of Delaware County and other counties or 
areas in New York, exclusive of Long Island, in which simi lar studies have been 
Or are being made. A I ist of pub I ished reports is given on the back cover of 
this report. 
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Figure I.--Map of New York showing location of Delaware County and status of 
ground-water investigations in upstate New York. 


Methods of Investigation 


Most of the information on the occurrence and avai labil ity of ground water 
is based on records of more than 750 we I Is, springs, and test borings co I lected 
by personnel of the U,S. Geological Survey from we I I and spring owners and we I I 
dri Ilers at various times from 1945 to 1948. We I Is, test borings, and springs 
were numbered consecutively in the order visited, starting with 0 I for wel Is 
and test borings and 0 ISp for springs (the letter "0" designating Delaware 
County). Chemical analyses of water from a few we I Is were made by the U.S. 
Geological Survey, and records of other chemical analyses of ground water were 
obtained from the New York State Department of Health. The ground-water data 
are summarized in tables 2 to 6, inclusive. In many cases, we I I and spring data 
given in tables 4 and 5 were suppl ied from memory by owners and users. We I I logs 
in table 6 are based on written records of the drillers. The section of this 
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report on the geology of the county is based in part on reconnaissance field 
mapping in 1948 by Jean M. Berdan and E. J. Lowry, U.S. Geological Survey. 


This report was prepared under the direct supervision of Ralph C. Heath, 
district geologis"t of the New York ground-water investigation program of the 
U.S. Geological Survey, and under ihe general supervision of George C. Taylor, 
Jr., former district geologist, Mineola, N.Y. 


The author gratefully acknowledges the assistance and cooperation of the 
many wet I dri I lers, business firms, property owners, and publ ic officials who 
provided most of the wel I and spring data and subsurface information used in 
this report. 


Wel I-Location System 


The locations of wel Is, test borings, and springs I isted in tables 4 and 
5 of this report are shown on plate I. As an aid in locating these features 
on maps of New York, meridians of longitude have been lettered consecutively 
from west to east at intervals of IS minutes, beginning with "A" at long 
79 0 45'W. and ending with "z" at long 73 0 30'':1. Simi larly, parallels of latitude 
have been numbered at 15-minute intervals from north to south beginning with "I" 
at lat 45 0 00'N. and ending with "17" at lat 41 0 00'N. Delaware County I ies be- 
tween meridians "R" (long 75 0 30'W.) and ,,
v" (long 74°IS'
/.) and between 
paral leis "10" (Iat 42 0 4S'N.) and "14" (Iat 41 0 4S'N.). The grid system made 
by the mer i d i ans and para II e I s is shOi'1n on plates I and 2. Each we II, test 
boring, and spring I isted in tables 4 and 5 has a set of coordinates which 
gives its location in mi les from a specific intersection of grid I ines. For 
example, wel I 0 21 has location coordinates I IT, 4. IS, 3.9E and is located 
4. I mi les south and 3.9 mi les east of the intersection of gridl ines I I and T; 
in I ike manner, wel I 0 52 with coordinates 12V, 7.7N, 0.8w is located 7.7 mi les 
north and 0.8 mi Ie west of the intersection of lines 12 and V. AI I the wel Is, 
test borings, and springs shown in tables 4 and 5 can be readi Iy located on 
plate I, in this manner, by their location coordinates. 


Previous Reports and Investigations 


The geology of Delaware County is described briefly by Mather (1843), 
and the glacial geology of the northeastern and eastern parts of the county, 
by Rich (1935). Chadwick (1936) discusses some of the stratigraphy of the 
county. Geologic structures in the area are discussed briefly by Fluhr (1953) 
and Woodward (1957). A surficial geologic stucy of a large part.of Delaware 
County was included in a general investigation of the hydrology and geology of 
the Delaware River basin (New York part) made in 1956 and 1957 by personnel 
under the supervision of N. M. Perlmutter of the U.S. Geological Survey, and 
part of the data obtained at that time are used in this report. 
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GEOGRAPHY 


Location and Extent of Area 


Delaware County comprises an area of 1,470 square mi les in the southeastern 
part of New York, lying approximately between long 74°30'W. and long 75 0 30'W. 
and between lat 41 0 45'N. and lat 42 0 30'N. The county is bounded on the west by 
the counties of Broome and Chenango, on the north by the counties of Otsego and 
Schoharie, on the east by the Counties of Greene, Ulster, and Sui I ivan, and on 
the south by the Commonwealth of Pennsylvania (see fig. I). Delaware County 
has been mapped in the fol lowing 15-minute quadrangles of the U.S. Geological 
Survey at a scale of I :62,500 (I inch equals approximately I mi Ie): Andes, 
Cooperstown, Deposit, Delhi, Gi Iboa, Hobart, Livingston Manor, Long Eddy, 
Margaretvi I Ie, Oneonta, Phoenicia, Richmondvi I Ie, Starrucca, Unadil la, and 
Walton. Of these, the fol lowing quadrangles have been subdivided into four 
7i-minute quadrangles each, at a scale of 1:24,000 (2.6 inches equal approxi- 
mately I mi Ie): Delhi, Gilboa, Hobart, Margaretvil Ie, Oneonta, Phoenicia, 
Richmondvi I Ie, and Unadi I la. Information concerning these maps may be obtained 
from the Map Information Service, Geological Survey, Washington 25, D.C. 


Population and Culture 


According to the U.S. Bureau of the Census (1961, p. 34-15) the population 
of Delaware County in 1960 was 43,540, a sl ight decrease from the 1950 population 
of 44,420. In 1960 the vi I lage of Sidney had the largest population, total ing 
5,157; Walton was second in size with a population of 3,855; the vi I lage of 
Delhi, the county seat, was third with a count of 2,307. 


Delaware County is primari Iy a rural area. Agriculture, mainly dairy 
farming, is the predominant type of employment. The Bureau of the Census (1957) 
shows about 32 percent of the population engaged in agriculture and about 19 per- 
cent in manufacturing in 1950 (p. 202). In 1954 there were 21 industrial 
establ ishments which employed 20 or more persons each (p. 207); sma I ler units 
were not enumerated. Seven of the listed plants were dairies, three produced 
lumber and wood products, two dealt in printing and publ ishing, two were engaged 
in the manufacture of furniture and home fixtures, and one each produced texti les, 
chemicals, stone, primary metals, fabricated metal products, electrical machinery, 
and miscellaneous items. 


In 1954, the county had 2,776 farms of which there were 2,097 dairy farms, 
140 poultry farms, 70 I ivestock farms (other than dairy and poultry.),and 469 
crop, general, and miscellaneous farms (Bureau of the Census, 1956, p. 56-57 ). 
In 1956, aoout 9,000 people were engaged in commerce and industry (Bureau of the 
Census and Bureau of Old-Age and Survivors Insurance, 1958, p. 76 ). The 
Scinti I la Magneto Co., in Sidney, employed about 4,800 people in 1960 (written 
communication, Scinti I la Magneto Co., 1960) and is the largest factory in the 
county. The occupational distribution in 1960 is probably similar to that de- 
scribed above because of the relatively stable population from 1950 to 1960. 
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The largest vi I lages of the county are in the valleys of the major streams. 
The vii lages of Deposit, Margaretvi I Ie, and Fleischmanns I ie in the val ley of 
the East Branch of the Delaware River; the vi Ilages of Hancock, Walton, Delhi, 
Hobart, and Stamford are in the val ley of the West Branch of the Delaware River; 
Sidney I ies in the val ley of the Susquehanna River. Sma I ler communities also are 
situated in these valleys and in sma I ler valleys throughout the county. 


The principal highways are New York 17, 23, and 28, which traverse the 
county from southeast to northwest, and New York 10 and 30, which run from south- 
west to northeast. Three rai Iroads have I ines in the county; the New York 
Central runs from Fleischmanns north to Stamford, thence generally west to Sidney; 
the Erie runs paral lei to the Delaware River in the southwestern part of the 
county; and the Delaware and Hudson traverses the northwestern part of the 
county, through Sidney. 


The Pepacton Reservoir occupies a large part of the val ley of the East 
Branch of the Delaware River. A sma I I part of the Schoharie Reservoir, near the 
vi I lage of Grand Gorge, also is in the county. A dam is now under construction 
near Cannonsvil Ie which wi I I impound water in the West Branch of the Delaware 
River in a reservoir extending from that vii lage eastward to Beerston. These 
reservoirs are parts of the water supply system for the City of New York. 


Climate 


Delaware County has a humid continental cl imate characterized by long, 
cold winters and shor
 warm summers. The average annual temperature is about 
46°F, and the average annual precipitation is about 42 inches. The highest 
temperature ever recorded in the county was 1010F; the lowest was -33 0 F 
(Mordof f, 1949, p. 23, 1.
6, 48, 50-52 ). 


The growing season ranges from about 120 to about 150 days over the county, 
or from about the middle of May to about the end of September. The mean pre- 
cipitation during the growing season is about 20 inches and the mean temperature 
during this period, about 63 F (Mordoft, p. 21, 22, 27, 50-52, 64-66 )0 Table I 
shows the record of precipitation at Delhi from 1948 to 1959, and it appears to 
be relatively evenly distributed over the year. 


Topography 


According to Fenneman (1938), Delaware County I ies almost entirely in the 
Catski I I section of the Appalachian Plateau. The county has a rugged topography 
consisting generally of steep hi I Is with narrow tops and separated by narrow 
valleys. Hilltop altitudes range from more than 3,000 feet in the north to 
about 2,000 feet in the southern and western parts ot the county. The highest 
point in the county is on Bearpen Mountain, about 3,520 feet above sea level, 
5f mi les south of Grand Gorge, on the boundary with Greene County. The lowest 
altitude is about 835 feet, at the Delaware River on the boundary with Sui I ivan 
County. Thus, the maximum rei ief of Delaware County is about 2,685 feet. 
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The mountainous aspect of the county is due principally to erosion of rock 
strata by streams since the end of the Paleozoic Era, about 220 mil I ion years 
ago. 


The widest valleys in the county are along the major streams: the East. 
Branch of the Delaware River, West Branch of the Delaware River, the Susquehanna 
River, and Ouleout and Charlotte Creeks. The flood plains in these valleys 
range in width from a tenth to generally not more than half a mi Ie. The widest 
val ley floor in the county is at Walton where, for.a short distance, the val ley 
of the West Branch of the Delaware River attains a width of about a mile. 


Drainage 


Most of the county I ies in the Delaware River drainage basin; about one- 
fifth of the county is in the Susquehanna River basin; a very sma I I portion of 
the county (less than 2 percent) at the eastern edge I ies in the Hudson River 
basin (see pl. 2). Delaware County is generally wel I drained; there are 
relatively few swamps and large natural lakes. The few swamps and natural lakes 
in the high parts of the county are probably the results of local damming of 
natural drainage systems by moraines laid down in Pleistocene time; many of the 
larger lakes are manmade. 


GEOLOGY 


Stratigraphy 


Delaware County is underlain by consol idated sedimentary bedrock of Late 
Oevonian age which is generally covered by a mantle of unconsolidated Quaternary 
deposits, mostly of Pleistocene age. The areal extent of the principal uncon- 
sol idated deposits is shown on plate 2. 


Devonian System 


Upper Devonian Series 


The Upper Devonian rocks in the county consist of three distinct lithologic 
types: a basal unit of marine origin, consisting of grayish-brown sandstones 
and si Itstones, an overlying unit of interbedded continental red, gray, and 
gray-green sandstones, si Itstones, and shales, and a tongue of interbedded gray 
marine shale and si Itstones within the continental unit. 


The basal unit crops out in a sma I I area in the northern part of the county, 
in the vicinity of Charlotte Creek, and is bel ieved to be correlative with the 
Gi I boa Formation (Cooper and Wi I Iiams, 1935, p. 818-821) in Schoharie County, 
where the formation is about 325 feet thick. Simi lar strata, about 1,000 feet 
thick, were observed in the eastern part of Sui I ivan County, in the west side 
of the Port Jervis Trough (Soren, 1961, p. 15 ). The basal marine unit in 
Delaware County is underlain by Middle Devonian marine rocks of the Hamilton 
Group and is overlain by undifferentiated Upper Devonian rocks of continental 
origin., The lower and upper contacts of the unit appear to be conformable. 
Hami Iton Group rocks do not crop out in Delaware County, but they are observed 
at the surface in adjacent counties to the north and east. 
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The uppermost bedrock in most of Delaware County comprises interbedded 
continental red, gray, and gray-green sandstones, si Itstones, and shales. The 
thickness of red strata increases toward the northeastern part of the county. 
Crossbedd i ng is a common feature' in exposures of the sandstones in Th is unit. 
The thickness of continental rocks increases southwestward and probably reaches 
several thousand feet in the vicinity of the Delaware River, near Pennsylvania. 


A tongue of marine rocks, consisting of gray shales, which weather in 
some p I aces to a dark purp I ish co I or, and gray s i I t.stones occurs with in the 
continental strata. This unit was named the Kattel Shale by Chadwick (193 2 , 
p. 7 
 Outcroppings of the Kattel Shale were observed in the northwestern 
part of the county in the val ley of Big Brook on New York Highway 8, south of 
Sidney, and along the road about a mi Ie south of Bartlett Hol low. The Kattel 
Shale in Delaware County is estimated to be between 100 and 200 feet thick 
from Bartlett Hol low to Sidney Center and it apparently wedges out eastward in 
the vicinity of Arctic Creamery (although Chadwick bel ieved this unit to extend 
eastward as far as Delhi, it was not observed east of Arctic Creamery by the 
author ). South of Big 'Brook val ley, Kattel beds, if present, are covered by 
continental Upper Devonian strata. 


The contacts of the Upper Devonian units were not mapped in Delaware 
County, and al I the exposed bedrock is therefore simply referred to as Upper 
Devonian rocks in.this report. 


Upper Devonian rocks form the most extensive aqujf
r in the county and 
are widely used as a source of ground-water supply. We I Is tapping the bedrock 
have been reported to yield as much as 550 gpm (though such high yields are 
questionable), and springs issuing from bedrock have been reported to yield as 
much as 100 gpm. 


Quaternary System 


Unconsol idated Quaternary deposits of Pleistocene and Recent age cover 
most of the bedrock in Delaware County. These deposits range in thickness from 
fractions of an inch to as much as 212 feet. The Pleistocene mantle consists 
of ti I I and stratified deposits of clay, sand, and gravel. Recent deposits 
consist mostly of a few feet of fine sand, si It, and clay on flood plains. The 
areal distribution of unconsol idated deposits in the county is shown on plate 2. 
Thicknesses of unconsol idated deposits in some of the valleys are shown on 
figures 2, 3, and 4. 


Pleistocene Series 


Ti I I.--Ti I I is a glacial deposit consisting generally of an unstratified 
and unsorted mixture of rock fragments ranging in size from clay to large 
boulders, wherein the relative proportions of clay and boulders are highly 
variable from place to place. Most of Delaware County is mantled by deposits 
of ti I I whose thickness varies greatly over the county, usually being greatest 
in valleys and on the lower slopes of hi I Is ides, and least on the hi I Itops. 
The greatest reported thickness of ti I I io the wells I isted in table 5 is 
140 feet (0 406 ). Fluhr (1953, p. 137, 139) shows a thickness of more than 
200 teet of ti 1 I on the south side of the vat ley of the East Branch of the 
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Figure 2.--Geologic sections through valleys of the East and West Branches of 
the Delaware River, in the vicinities of Cannonsvi I Ie (A-A'), 
Fishs Edd
 (
-B'), and Shinhopple (C-C') Delaware County. (After 
Fluhr, 19)3.) Sections are orIented as though viewed looking up- 
stream; locations of sections are shown on plate 2. 
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Figure 3.--Geologic sections through val ley of the East Branch of the Delaware 
River, in the vicinities of Downsvil Ie (0-0 1 ) and the former vii lage 
of Shavertown (E-E I ), De I aware County. (A fter Fluhr, 1.953.) 
Sections are oriented as though viewed looking upstream; locations 
of sections are shown on plate 2. 
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Figure 4.--Geologic section through val ley of Charlotte Creek, in the vicinity of 
Davenport Center, Delaware County. (From data provided by Corps of 
Engineers, U.S. Army.) Section is oriented as though viewed looking 
upstream; location of section is shown on plate 2. 
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Delaware River, -at the site of the Shavertown Bridge where New York State Highw.ay 
30 crosses the Pepacton Reservoir (see fig. 3, sec. E-EI), and a thickness of 
about 100 feet .of ti I I overlying stratified deposits on the north side of the 
val ley of the East Brench of the Delaware River at Fishs Eddy (see fig. 2, sec. 
B-B 1 ). Most of the ti I I in the county appears to have been laid down as lodgment 
ti I I directly by the ice sheet that invaded the area from the north in Pleistocene 
time. The remainder is ablation ti I I deposited when the ice melted. Lodgment 
1" i I I may be extreme I y compact and hard; such t i I lis usua I I Y ca II ed "hardpan" by 
wel I dri Ilers in the area. Ablation ti I I is relatively loose material, as it 
simply was dropped onto the underlying ground when the ice melted. 


Many of the shal low dug wel Is in the county are in ti I I. Such wel Is gener- 
ally Yield not more than a few hundred gal Ions of water per day. Wel Is that 
penetrdte saturated lenses of sand incorporated in the ti I I are capable of 
greater yields. 


Stratified deposits .--Stratified deposits of gravel, sand, si It, and clay, 
also cal led strat ifi ed drift, were laid down to a varying thickness in most of 
the valleys in the county by glacial melt-water streams during the Pleistocene 
Epoch. Cross sections of some of the val ley-fil I deposits are shown on figures 
2, 3, and 4. Lakes existed at times when valleys were dammed by rock debris or 
ice blocks. Deltas of sand and gravel were bui It into the lakes where streams 
entered them and si It and clay were deposited in deeper portions. Interfingering 
of deltaic and lake deposits are common, probably as a result of changing lake 
levels by variations in streamflow and changes in the heights of the dam. The 
greatest thickness of stratified drift in the county appears to be in the val ley 
of the Delaware River at Hancock where bedrock reportedly lies 212 feet below 
the. land surface. (See table 5, wel I D 121.) 


Thick deposits of saturated, coarse stratified drift can yield large 
quantities of water because of their high permeabi I ity. Yields of hundreds of 
gal Ions per minute are not uncommon from properly constructed wet Is in these de- 
posits. Yields of 1,000 gpm were reported for wel Is 0 I and 0 2 (see table 5); 
however, the duration of yield at this rate and the drawdown in the wel Is are 
not known. 


Recent Series 


Alluvium .--Recent deposits in the county consist mainly of alluvium de- 
posited by st reams on flood plains. These deposits consist chiefly of silt and 
fine sand with smal I amounts of coarse sand and fine gravel. The deposits are 
generally thin, most of them probably less than 5 feet thick. In many places, 
Recent alluvium has been deposited on Pleistocene stratified deposits, and it may 
not be possible to distinguish the contact because of the simi larity of the beds; 
therefore, Recent deposits are included with Pleistocene deposits on plate 2. 


Recent alluvium is not an important source of ground water in the county 
because of its smal I areal extent, thinness, and fine-grained character. 
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structure 


Bedrock, 


Folds 


The rocks in Delaware County I ie in broad, low folds, trending in a north- 
easterly direction, in a larger sync I inal structure whose trough plunges gently 
southwestward and appears to I ie within the county.' Woodward (1957, p. 1432- 
143 4 ) observed low folds along the Delaware River between Hancock and Port Jervis 
(Orange County), and he stated that the East and West Branches of the Delaware 
River I ie along low antic I ines ana that a sync I ine occupies the intervening high 
area. Anticl inal crests in these valleys were observed by the author in outcrops 
along New York Highway 10 north of Apex, along Highways 206 and 30 in the vicinity 
of the Pepacton Reservoir, and in the West Branch of the Delaware River in the 
vicinity of Delhi. According to Woodward, the axes of folding trend N.7598o o E. 
and appear to extend gcross the, county. The limbs of the fo Ids dip at low ang I es, 
generally less than 5 , to the southeast and northwest. The steepest dips observed 
by the author were at outcrops at Delhi, in the bed of Steele Brook, where gray 
shale beds dip about 12 0 NW. and on New York State Highway 10, north of the 
vi I lage of Apex, where an antic I inal crest is exposed. The I imbs of the anti- 
cl ine dip about 8 0 and 50 to the northwest and southeast, respectively. Woodward 
(1957, p. 1436) states that the Lackawanna syncline (a folded and faulted 
sync I inorium which contains the NorThern anthracite field of Pennsylvania) 
crosses into Delaware County at stockport, about 5 mi les south of the vi I lage of 
Hancock. It appears that axes of folds in the Ridge and Val ley province 
(Fenneman, 1938, p. 195) extend into Delaware County from Pennsylvania. However, 
the intensity of folding is greatly diminished, and the county has the appearance 
of a maturely dissected plateau. 


Folds affect the occurrence and movement of ground water. Incl ination of 
strata in the I imbs of folds and along the plunge of the folds can cause artesian 
pressure in rocks lying between beds of less permeabi 1 ity. Beds of less perme- 
abi i ity also can serve as barriers to movement of ground water between adjacent 
folds. Since rock units of different chemical composition may be involved in 
the folding, differences in qual ity of ground water can occur from place to place, 
as the various rocks are deeper or nearer the land surface in different folds and 
parts of folds. 


Faults and joints 


Evidence of faults is not commonly seen at the surface in Delaware County 
because of the lack of marker beds and scarcity of extensive rock outcrops. A 
thrust fault with a displacement of a few feet was observed in the anticl inal 
fold on New York Highway 10 north of Apex, described in the preceding paragraphs. 
The fault has a northwesterly dip of about 15 0 . Fluhr (1953, p. 133) mentions 
a fault encountered in the construction of the Downsvi I Ie Dam (Pepacton Reservoir), 
and that other faults were transected by the East Delaware Tunnel (which connects 
the Pepacton Reservoir with Rondout Reservoir, in Sui I ivan County); he states 
(p. 127) that most of the faults are normal or tension faults. 


- 13 - 



The bedrock of the county is strongly jointed, and sets of closely spaced. 
joints in shales and joints several feet apart in the thicker sandstones are 
commonly observed in outcrops. Joint sets striking northeast and northwest are 
predominant in the cOunty. Planes of jointing are generally perpendicular or 
nearly perpendicular to the bedding of the strata. 


Faults and joints are important structures which give a secondary porosity 
to the bedrock. The degree of opening of these fractures and their inter- 
connection greatly determine the permeabi I ity of the bedrock. Wel Is in fractured 
rocks with open faults and joints have higher yields than wel Is in I ittle- 
fractured rocks or in rocks with tight fractures or fractures "healed" by 
secondary mineral deposits. 


8eddi
 


The rocks of Delaware County show the typical primary layered structure of 
sedimentary rocks. The strata range from shaly layers (up to 3/8 inch thick) 
in the shales to massive (more than 4 inches thick) in the sandstones; however, 
flaggy bedding (from 3/8 inch to 4 inches thick) is generally observed in the 
sandstones. Flaggy crossbedding is a common feature in the continental sand- 
stones. 


Openings along bedding planes of the strata are important features of 
secondary porosity, as are fractures which intersect the bedding, and the degree 
of openness or tightness of these features is an important factor affecting the 
permeabi I ity and storage capacity of the bedrock. 


Unconsol idated Deposits 


Unconsol idated stratified deposits of wel I-sorted sand and gravel are more 
porous and permeable than bedrock, and bedding, folds, and faults resulting from 
compaction or slumping of the sediments have c negl igible effect on movement 
and storage of ground water. Where the deposits are not wel I sorted, a lessen- 
ing of porosity and permeabil ity would accompany compaction. Included beds of 
clay and si It and ti I I deposits decrease the vertical permeabil ity of the de- 
posits. 


Geologic History 


The formation of the rocks now exposed in Delaware County, as interpreted 
from Schuchert and Dunbar (1947) began with the deposition of the Gilboa' 
Formation strata as silt and sand in a shal low sea which covered the county 
in Late Devonian time. The source of the sediments was a highland to the east. 
Toward the end of the Devonian Period, the Acadian orogeny upl ifted the eastern 
highlands, and the sea essentially withdrew from the area. Coarse sand, si It, 
and clay were carried into the region by streams from the east and a vast delta 
was formed, extending across southern New York and through Pennsylvania. This 
feature is known as the Catskil I delta and is represented by the nonmarine red, 
gray-green, and gray sandstones, conglomerates, and shales of the county. An 
advance of the sea eastward across the county to about the vicinity of Arctic 
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Creamery provided the environment for the deposition of the Kattel Shale .of 
Chadwick (1932 ). This portion of the sea was relatively short-I ived in the 
county as seen by the sma I I thickness of these beds, and after its withdrawal 
from the 'county, continental deposition continued in the region through Devonian 
time. 


Near the end of the Paleozoic Era the region was elevated and the rocks 
gently folded by the Appalachian Revolution, which bui It a mountain range to the 
east of the county, extending southward through Alabama. A long period of eros- 
ion fol lowed the Appalachian orogeny, during which any strata younger than 
Devonian, and much of the Upper Devonian rocks, were removed. Erosion apparently 
has been more or less continuous from late Paleozoic time to the present, for 
comparatively brief periods of deposition in the Quaternary Period. 


During the Pleistocene Epoch, Delaware County was covered by a continental 
glacier which advanced over the area from the north. A record of only one 
glaciation is apparent in Delaware County. The ice front may have advanced 
and retreated more than once, but any evidence of such glaciation is obscured 
or destroyed by the last glaciation (Wisconsin Stage). Glaciation was an agent 
of both erosion and deposition. During the ice advance, most of the soil mantle 
was removed and redeposited, blocks of bedrock were plucked away from out- 
croppings, and valleys, oriented with the direction of ice movement (northeast- 
southwest), may have been deepened by glacial scouring. In many places, clay, 
rock flour, stones, and boulders at the bottom of the moving ice were plastered 
onto the underlying ground as lodgment ti I I. As the ice melted, streams de- 
posited beds of gravel, sand, si It, and clay in valleys and lakes, and ablation 
ti I I was deposited over wide areas. 


In the Recent Epoch, alluvium has been deposited on the flood plains of 
valleys. Erosion continues in the rest of the county. 


GROUND WATER 


Occurrence 


Ground water is subsurface water that is in the zone of saturation, the 
zone in which all interconnected openings are fi lied with water. The zone be- 
tween the land surface and the zone of saturation is known as the zone of aeration. 
The upper surface of the saturated zone is commonly referred to as the water 
table except where this upper surface is formed by an impermeable body. The water 
table is generally a subdued version of the topography, being at higher altitudes 
under hil Is than in valleys; however, the depth to the water table .from the land 
surface is generally greatest on hi I Itops and least in valleys. Ground water 
in varying amounts is usually recoverable from the bedrock and the unconsol id- 
ated deposits of the county. 


Ground water occurs under both water-table and artesian conditions in 
Delaware County. Most of the deep bedrock wel Is probably have artesian 
characteristics, because of the arrangement of fractures and bedding, and be- 
cause of intercalated rock strata of low secondary porosity and permeabi I ity 
which may serve locally. as confining beds. Water-table conditions are bel ieved 
to exist more widely in the unconsolidated deposits; however, clay beds and til I 
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may confine water locally in deposits of sand and gravel. Wel Is I isted in 
table 5 that are reported to flow or to have flowed at some time are examples 
of artesian wet Is. 


The water-table aquifer and many artesian aquifers intersect the land 
surface on most hi I Isides in the county, and numerous springs and seeps occur 
throughout the area. 


Source 


The source of ground water in the county appears to be solely precipitation 
on the area, and only a smal I part of the precipitation reaches the zone of 
saturation. Most of it is lost by runoff to streams or is returned to the atmo- 
sphere by evaporation and plant transpiration. The amount of water that enters 
the ground is control led by the amount and intensity of precipitation, slope of 
the land, amount and types of. vegetation, permeabi lity and porosity of the 
surficial cover, and thickness and character of the zone of aeration. Pre- 
cipitation at a slow constant rate wi I I infi Itrate to the water table more 
readily than intense precipitation during short periods. Steep slopes are con- 
ducive to rapid runoff, especially where the land surface is relatively imperme- 
able; however, an extensive cover of vegetation tends to retard runoff. 


The water which penetrates the land surface and which is not transpired by 
plants moves downward through the zone of aeration, chiefly by gravity and to 
some degree by capi I lary attraction, toward the zone of saturation. Before 
water can enter the zone of saturation, al I the surfaces of the spaces traversed 
by infi Itrating water must be wetted to satisfy the molecular attaction between 
the surfaces and the water. 


Fluctuations of Ground-Water Levels 


Ground water moves under the influence of gravity toward areas of discharge. 
Ground water discharges as springs where the water table intersects the land 
surface, usually on hi I Isides, and most of the streams in the county originate 
as springs. Ground water also enters streams by seepage along the bottoms and 
sides, contributing greatly to stream discharge in all seasons and is the sole 
source of base flow of perennial streams during drought. 


The position of the water table is constantly changing in response to 
variations in recharge and discharge. When discharge exceeds recharge, ground- 
water levels decline; conversely, when recharge exceeds discharge, the levels 
rise. Fluctuation of ground-water levels is readily seen in wel Is. 


In a region such as Delaware County,. periods of greatest recharge usually 
occur in late autumn and from late winter to early spring. In late autumn, 
fewer hours of sunshine and the accompanying colder weather greatly reduce 
evaporation and transpiration losses. In midwinter much precipitation is re- 
tained on the surface as snow, and the frozen ground tends to keep water from 
infiltrating to the water table, except during brief thawing periods. From late 
winter to early spring, slowly melting snow provides the principal ground-water 
recharge. Ground-water levels are lowest during the summer, because of large 

vapotranspiration losses. 
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Availability 


Ground water is generally avai lable in Delaware County to supply sma) I to 
moderate needs. Few people have experienced difficulty in obtaining sufficient 
water for domestic needs from wel Is of moderate depth. Many springs are used 
for domestic and pub I ic supply, most of which are reported to have been reliable 
over many years of use. Plate I shows the distribution of wel Is and springs 
for wh i-ch data are i nc I uded in th i s report (tab I es 3-6 ). 


It is bel ieved, from the sma I I amount of ground water used in the county, 
the amount of precipitation recorded, and the widespread spr'ing discharge 
observed in the area, that the aquifers of the county are capable of supporting 
greater development; however, local ground-water shortages could occur as a re- 
sult of large withdrawals, unfavorable geologic conditions affecting recharge, 
drought, or combinations of these circumstances. 


Ground water is recovered from wel Is and springs in three geologic units 
in the county,: bedrock, stratified drift, and ti II. The distribution of water 
wel Is (listed in table 5) in these water-bearing units is as fol lows: bedrock, 
237; stratified drift, 10li ti I I, 16; and unknown, 4. Most of the springs 
listed in table 4 issue from bedrock. 


Bedrock 


Upper Devonian bedrock is the most widespread water-bearing unit in 
Delaware County. It underl ies the entire county and is found at the surface 
in outcrops and at depths of as much as 212 feet beneath unconsol idated deposits. 
The bedrock is a complex hydraulic unit, which is considered here as a single 
aquifer because of lack of data about interconnections between the stratigraphic 
units. Most of the wel Is and springs drawing from the bedrock are in strata of 
the continental phase of the sequence. NO water wel Is in Delaware County are 
known to penetrate strata older than Late Devonian. The older rocks are gener- 
ally at too great a depth for practical wet I dril ling. Older rocks may have 
been brought near the surface in the vicnity of anticl inal crests and faults; 
such may be the case where wel Is are reported to yield water of considerable 
hardness, sal inity, hydrogen sulfide content ("sulfur water"), and natural gas 
(see "Qual ity of Water" ). These constituents are more characteristic of the 
older marine rocks which contain calcium, magnesium, pyrite, and disseminated 
matter of organic origin. 


The yields of the wells in bedrock (listed in table 5) range from I to 
550 gpm (gal Ions per minute ). Wel Is in this group for which drawdown data have 
been reported show specific capacities of 0.01 to 22.6 gpm per foot of drawdown. 
The duration of pumping of many of these wells is not known, but of many other 
wet Is was generally less than an hour. The longest pumping test of a bedrock 
wet I that is known was made on wel I D 487 (see table '5); this wel I reportedly 
was pumped at 360 gpm for 60 hours during which the water level was drawn down 
49 feet, giving a specific capacity of 7.3 gpm per foot of drawdown. In most 
instal lations, bedrock wel Is are cased from the land surface to the top of the 
rock, or to a few feet in the rock, and are finished with open holes for the 
remainder of their depths. The penetrations into bedrock of the water wel Is 
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I isted in table 5 range from 4 feet to 685 feet; penetrations of more than 
100 feet are common. 


Table 5 shows 15 wel Is in bedrock (0 33, 38, 56, 67, 88, .91, 102, 103, 
121, 156, 227, 272, 353, 420, and 487) to have reported yields of 100 gpm to 
550 gpm. AI I these wel Is are situated in stream valleys, and-nearly al I 
penetrate more than 50 feet of mostly stratified unconsol idated deposits be- 
fore entering the bedrock. Lack of data on the construction of the wet Is 
leaves doubt as to whether the high yields are representative of the bedrock 
or are due to leakage into the wel I from the overburden where the casings make 
contact with the bedrock, or to structural features such as open faults, joints, 
and bedding which effect good hydraul ic continuity between permeable saturated 
deposits and the wel Is. 


The yield of a wel I tapping bedrock depends on the number and size, of 
fractures and other interstices in the rock intersected by the wel I. Bedrock 
which is thinly bedded and wel I fractured is more permeable than massive, un- 
fractured bedrock and is therefore capable of greater yield. Permeabi I ity due 
to fracturing can be quite high. Fluhr (1953, p. 136) reports an estimated 
inflow of 600 gpm of ground water for an unspecified period into a water tunnel 
of the New York City supply system when it was driven through a fault zone near 
the Neversink River, in Sui I ivan County. The flow was sealed off by grouting. 
The possibi I ity of high yield from a bedrock wel I intersecting open faults in 
hydraul ic contact with a stream cannot be predicted without extensive knowledge 
of these features. Such geologic data are not available for Delaware County, 
but it is bel ieved that large yields from bedrock we I Is under such conditions 
would not be common in the county. 


The bedrock of Delaware County generally has shaly to flaggy bedding and 
is broken along numerous joints and faults. The bedrock in most cases wi I I 
yield sufficient water to satisfy domestic and sma I I commercial needs. 


Stratified Drift 


Saturated stratified drift composed of coarse sand and gravel beds is 
capable of yielding large amounts of ground water. Many of the valleys in 
Delaware County contain thin to thick deposits of stratified drift which have 
not been fully investigated. The areal extent of these deposits is shown on 
plate 2. It has been noted inthe county that valleys with flat floors generally 
contain these deposits, and that valleys trending approximately north-south 
generally contain thicker deposits than valleys trending east-west. The 
Pleistocene ice sheet apparently was able to scour valleys oriented in its path 
of travel, providing good channels for deposition of outwash when the ice melted. 
East-west-oriented valleys received much lodgment ti I I as the ice crossed them. 


Thick deposits of stratified unconsol idated deposits are found in many of 
the valleys, but in many places they contain interbedded clay and silt. Val ley 
fil.l of mainly stratified drift in thicknesses of more than 200 feet occurs in 
parts of the De I aware River va II ey and Beaver Kill va I ley. Th i ckne'sses of 
stratified drift exceeding 100 feet are found in parts of the valleys of the 
Delaware River, East and West Branches of the Delaware River, Beaver Ki II, 
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Susquehan-na River, Char lotte Creek, and Ou I eout Creek. Va II ey fill more. than 
50 feet thick containing deposits of stratified drift occurs in many of the 
sma I ler tributary valleys of the county; many of these sma I ler valleys have floors 
less than one-tenth of a mi Ie wide. 


Deposits of stratified drift in the county are tapped by dril led we I Is 
equipped with screens or with slotted or open-end casings and by sma I I-diameter- 
driven we I Is equipped with screened drive points. The only dril led we I I known 
to be screened, of those I isted in table 5, is D 76. Most of the dri I led we I Is 
tapping stratified drift are bel ieved to have slotted casings. The sma I I-diameter 
driven we I Is are usually screened with 3-foot drive points. Screened we I Is are 
generally most effective for obtaining large yields from stratified drift. 


Many of the we I Is in the valleys are cased through stratified drift and tap 
the underlying bedrock. This may be due to the thinness or fine-grained 
character of the deposits at the site, or to a lack of the special ized equipment 
and experience needed by the dri I ler for proper construction and development of 
we 1 Is in such material. 


The reported yields of wel Is that tap stratified drift range from 2 to 
1,000 gpm (see table 5 ). We I Is in this group for which drawdown data have been 
reported show specific capacities of about I to about 32 gpm per foot of draw- 
down, which is the highest for water-bearing units in the county. However, the 
specific capacities shown for many wells are probably too high, because the we I Is 
were not pumped for a sufficient time to develop a stabil ized draw down. It is 
not known if drawdown stabil ity was attained in any of these wells. 


Till 


Ti I I is the most widespread unconsol idated deposit in the county, covering 
most of the bedrock with a thickness of a fraction of an inch to as much as 
200 feet. It is the least productive aquifer in the county because of its low 
permeabi I ity. Water in usable quantities can generally be obtained only from 
large-diameter dug wel Is, which provide a large infi Itration area and a large 
storage volume for water between periods of use. Dug wel Is are generally 
practical only where the water table is close to the surface as on hillsides 
and in valleys. They are generally impractical on hi I Itops because the ti I I 
cover is usually too thin to retain a zone of saturation. 


Dug wel Is are highly susceptible to contamination, and as most such wells 
penetrate only a few feet below the water table, many go dry or fai I to yield 
adequate amounts of water during dry seasons. No reliable records of yields of 
dug wel Is in Delaware County are avai lable. The owners of these wel Is report 
them as "adequate" or "inadequate." As most dug wel Is in ti II do not yield 
more than a few hundred gal Ions per day, less than is now required by most 
households, the use of such wel Is in Delaware County is generally decl ining. 
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Uti I ization 


Most of the water used in Delaware County is taken from ground-water sources. 
About 49 percent of the population obtains water from privatel.y owned wet Is and 
springs. The remainder of the population, about 23,000, chiefly concentrated in 
the larger vi I lages, is suppl ied by 31 pub I ic water systems. Seventeen pub 1 ic 
water systems use only ground water, seven use only surface water, and seven use 
both ground water and surface water in undetermined proportions. Data on publ ic 
water systems are ,I isted in table 2. 


It is estimated that an average of about 3.5 mgd (mi I I ion gal Ions per day) 
is produced from ground-water sources; the remainder of the total estimated use 
of 5 mgd is suppl ied from surface sources. The estimates are based on a per 
capita usage of 100 gpd from private suppl ies and the dai Iy consumption of water 
from public supply systems I isted in table 2. Where a pub I ic supply system is 
shown to use both ground water and surface water, it is estimated that half the 
total is obtained from each source. 


There is no greatly increased population in Delaware CounTY in the summer, 
such as occurs in neighboring Sui 1 ivan County, and summer ground-water with- 
drawals are probably not appreciably higher than for a normal summer in a 
population-stable area, except perhaps in the vicinities of Fleischmanns and 
Margaretvi I Ie, and to a lesser extent in Stamford and Downsvi I Ie, which receive 
most of the summer-vacation trade in the county. No accurate statistics of 
summer visitors have been kept; however, it is reported,that approximately 
5,000 people vacation in the Fleischmanns-Margaretvi I Ie area during the summer 
months (Chambers of Commerce, Margaretvi I Ie and Fleischmanns, 1960, written 
communication ). 


Springs 


Many springs in the county have been developed for water suppl ies, princi- 
pal Iy for domestic and farm uses and, in some places, for publ ic suppl ies. 
Data on selected springs in the county are given in table' 4. Many of the springs 
I isted have yielded reI iable suppl ies for long periods of time, some as much as 
100 gpm, although most of them are reported to have'much sma I ler yields. Yields 
of 5 to \0 gpm are common from many of the springs in the county. 


Springs are rela'rively inexpensive sources for development of domestic and 
other suppl ies. Where a spring is located on a hi I Iside above a house or other 
bui Iding, the water can be piped in under sufficient pressure to-reach al I 
supply faci i ities and fixtures in the bui Iding without use of a pump. Spring 
water may be easily c9ntaminated, however, where the water table is close to 
the land surface in the vicinity of the discharge area and where catch basins 
are not properly covered or otherwise protected. 


Qual ity of Water 


As water percolates into and through the ground it dissolves and carries 
in suspension minerals from the unconsol idated deposits and bedrock through 
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Table 2.-- Public water supply systems, Delaware County 
(New York State Dept. of Health, 1960, p. 60-63.) 


Municipal ity, Qua I i ty of water 
Number of Consumption 
district, or Source of water people served (gpd) Hardness ..!/ A I ka I i n i ty .!/ 
\
ater company (ppm) (ppm) 
Andes Springs and wells 408 75,000 22 14 
Arkvi lie Brook and auxil iary well 300 30,000 20 8 
Bloomvi lie Springs, auxiliary brook 249 30,000 15 7 
Bovina Center Coulter Brook 216 10,000 25 12 
Cadosia (lower) Springs 128 22,000 18 10 
Cadosia (upper) Springs 83 4,000 20 8 
Cooks Fa II s Springs 315 15,000 12 6 
Corbett Springs, aux i , i ary brook 180 25,000 16 7 
Davenport Springs 170 12,000 25 7 
Delancey Brook 200 70,000 20 7 
Delhi Steele Brook 2,200 250,000 14 7 
Deposit Big Ho Ilow Brook, 1,980 250,000 18 10 
auxi I iary well 
Downsvi lie Spring 36 2,500 '0 7 
Downsvi lie Springs, aux i I i ary we I I 630 50,000 16 6 
East Branch Springs 125 12,500 2 7 
Fleischmanns Springs, aux i I i ary we lis 445 130,000 27 14 
Frankl in Spr i ngs, auxiliary well 530 36,000 20 8 
Grand Gorge Well 550 50,000 120 130 
No. I 
Ha I cottsv i I Ie Gragg Hol low Brook 105 13,000 27 20 
Harnden Springs and well 140 16,000 24 " 
Hancock Bear Brook, auxi I iary 1,248 180,000 21 18 
well 
Hancock Wells 78 5,000 88 98 
Hobart Brooks, aux i I iary well 618 100,000 20 10 
Margaretv i I Ie Springs and wells 860 100,000 20 17 
Roxbury Springs 467 60,000 23 18 
Sidney Peckham and Co I I ar 4,7 1 9 800,000 190 150 
Brooks, auxil iary well 
Sidney Center Herrick Hol low Creek 320 20,000 19 13 
South Kortright Springs, auxi I iary we I I 52 10,000 22 II 
Stamford 
Iest Branch Delaware 1,162 35 0 ,000 33 9 
River 
Treadwe II Springs or aux i I iary 250 25,000 28 16 
wells 
\'Ia I ton Brooks 3,868 400,000 25 30 


1/ Average of samples analyzed. 
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which it passes
 The solvent action of water is'usually increased by the pres
nce 
of carbon dioxide derived from the atmosphere, or from decaying vegetation. The 
amount of dissolved and suspended matter in ground water depends on the solubil- 
ities of the minerals, length of time the water and minerals are in contact, and 
other factors such as temperature and pressure. 


The U.S. Publ ic Health Service has' set standards of maximum chemical con- 
centration for drinking and cooking water used by interstate carriers subject to 
the federal quarantine regulations, part of which are paraphrased as fol lows: 


Constituent 


Max i mum allowable concentration 
in parts per mi I I ion 1/ 
2/ 
1.5 
.3 


Fluoride (F) 
Iron (Fe) and 
manganese (Mn) 
Chloride (CI) 
Sulfate (S04) 
Dissolved sol ids 


250 
3/ 250 
- 500 


l! U.S. Publ ic Health Service, 1946. 
gj Mandatory limit. 
l/ Dissolved sol ids up to '1,000 ppm are permissible where better water 
is not available. 


The concentrations shown are included only for comparative purposes. It 
should be noted, that they are specific regulations for specific users. The 
ground water of D
laware County is generally of acceptable quality for domest
ic 
and some industrial uses, although it frequently contains moderate to large 
amounts of iron, contains moderate to large amounts of other substances in some 
places, and is moderately hard to hard in some places. These constituents and 
characteristics of the ground water are discussed in the fol lowing paragraphs 
of 'this section. Selected chemical analyses of water from wel Is and springs in 
the county are given in table 3. 


Hardness 


Hardness of water is considered low in concentrations up to 60 ppm, moderate 
from 61 to 120 ppm, and high above 120 ppm. Eighteen of the 33 analyses given 
in table 3 show hardness of less than 61 ppm; 12 analyses show a moderaTe hard- 
ness; three analyses show high hardness. 


Iron and Manganese 


Iron and manganese concentrations combined exceed the U.S. Pub I ic Health 
Service standard of 0.3 ppm in 18 of 
he 33 samples analyzed (as shown in table 3.). 
These 18 analyses show a range from 0.31 to 8.42 ppm and a median content of 0.97 
ppm. Small to high iron and manganese concentrations are common for water obtained 
from the Upper Devonian continental beds, probably from hematite in the red shales 
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and sandstones and pyrite in the gray shales; manganese minerals, in sma.1 I 
quantities, may be common in the rocks. 


The analyses show water from the bedrock to have larger amounts of iron 
and manganese than water from the unconsol idated deposits. Analyses of iron 
and manganese in water from 21 bedrock wel Is show a range from .05 to 8.42 ppm 
with a median value of .60 ppm; I I analyses of water from unconsol idated de- 
posits show a range from .04 to 1.03 ppm with a median value of .15 ppm. The 
largest concentrations occur in areas of Delaware County north of the East 
Branch of the Delaware River, where greater thicknesses of red shales and sand- 
stones are present. 


Iron and manganese concentrations of more than 0.3 ppm are not necessari Iy 
injurious to health; however, such amounts impart a disagreeable taste to the 
water and stain porcelain and clothing. 


Chloride 


Two of the analyses in table 3 show chloride concentrations in excess of 
250 ppmj water from wel I 0 102, a deep bedrock we I I at Walton, has the higher 
concentration of the two. Water from this wel I in 1946 contained Boo ppm of 
chloride (dri Iler reported that natural gas was in evidence when wel I was 
dri I led in 1940 ). In 1957 water from the same wel I had a greatly reduced chlor- 
ide content of 126 ppm. Walton is in a val ley along the crest of an anticl ine, 
and beds of Gi Iboa and older Devonian marine forn
tions may not I ie at great 
depth there. Furthermore, the antic I ine may be faulted (see "Faults and 
joints" in the preceding section on "Geology," which includes a discussion of 
a fault on New York Highway la, north of Apex) and thus may provide a route 
for gas an
 ground-water movement from the older rocks. Wel I D 114, a bedrock 
wet I at Deposit, yielded water containing 310 ppm of chloride. The sharp bend 
made by the West Branch of the Delaware River at Deposit probably is indicative 
of a fault cutting across the trend of the folds in the county. Water from 
wel I D 387 (see table 5), about 4i mi les south of we I I D 114 in the valley of 
the West Branch of the Delaware River, was reported to have a salty taste. 


Generally, the lowest chloride concentrations are in water from wet Is 
tapping unconsol idated deposits in the county. 


Dissolved Sol ids 


Dissolved sol ids exceeded concentrations of 500 ppm in water .from wel Is 
D 102 and D 114 and approached 500 ppm in water from wells D 59 and D 225, in 
the analyses shown in table 3. High concentrations of dissolved sol ids appear 
to be related to the marine rocks of the area. 
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Hydrogen Sulfide 


Some wel Is in Delaware County have been reported to yield water that con- 
tains hydrogen sulfide (H 2 S ). This constituent was found in water from wel Is 
D 32, 171, 322, 386, 420, 489, and 490 (see table 5 ). Natural gas also was re- 
ported in D 32. Wet Is D 32 and D 420 are in the val ley of the West Branch of 
the Delaware River at Delhi, near an antic I inal crest; wet Is 0 171 and D 322 
are in the northern part of the county at Meredith and Frankl in, where Upper 
Devonian marine rocks do not I ie at great depth because of the southwestward 
plunge of the strata. Well 0 386 I ies in what is probably a faulted zone in 
the val ley of the West Branch of the Delaware River south of Deposit; wel Is 
o 489 and 0490, near Margaretvi I Ie, I ie near an antic I inal crest along which 
the East Branch of the Delaware River has carved most of its valley and where 
the Upper Devonian marine rocks may not be at great depth because of the 
regional southwestward plunge of the strata. It is apparent that the hydrogen 
sulfide is related to the stratigraphy and structure of the bedrock. 


Temperature 


During the course of the wel I and spring inventory in Delaware County, 
ground-water temperatures were measured at 63 wel Is and 44 springs (see tables 
4 and 5 ). The average measured temperature of both spring and we! I water was 
45 0 F. 


Fluctuations of ground-water temperature are usually greatest where the 
water surface is near the land surface and large fluctuations of air temperature 
occur. At greater depth, the ground-water temperature is more nearly constant 
through the year, except where disturbed by man; i.e., by injection of hot water 
from heat-exchange devices into the ground-water body through recharge wel Is. 
According to Collins (1925, p. 98), the temperature of ground water, for 
practical purposes, at depths of 20 to 200 feet is about 3 0 to 6 0 F above the 
mean annual air temperature, and the differential between ground-water and 
mean annual air temperatures increases at depths of more than 300 feet. 


SUMMARY 


Delaware County has a relatively large area and a smal I population whose 
main water suppl ies are obtained from ground-water sources. Avai lable inform- 
ation indicates that an average of about 5.3 mi I I ion gal tons of water is used 
dai Iy, of which approximately 3.5 mil I ion gal Ions is taken from the ground; 
the rest is provided from surface sources. The largest vii lages in the county 
rely chiefly on streams for water suppl ies. Individually owned wel Is and 
springs supply about Lt9 percent of the county water needs; the remainder is 
provided by publ ic water supply systems, many of which use ground water almost 
exclusively. 
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Ground water is taken from Upper Devonian shales, siltstones, and $and- 
stones, mostly of continental origin, and from unconsol idated deposits of 
Pleistocene stratified drift and ti I I. The best producing unit is the coarse 
stratified drift, because of its high permeabi I ity. The most widely exploited 
unit, however, is the bedrock because it is the most commonly avai lable aquifer 
and is usually capable of supplying domestic needs and the sma I I to moderate 
needs of most of the businesses and industries in the county. Ti I I is re- 
latively I ittle used as an aquifer because of its low permeabi I ity and east of 
contamination of the shallow wel Is tapping it. 


The qual ity of ground water in Delaware County is usually adequate for 
domestic and some industrial uses. The water is generally soft and low in 
dissolved sol ids and chloride, but commonly contains moderate to large amounts 
of iron. Moderately hard to hard water, high to excessive amounts of dis- 
solved sol ids and chloride, and natural gas and hydrogen sulfide have been 
noted in wel I water from local ities in the northernand northeastern parts of 
the county and portions of the valleys of the East and West Branches of the 
Delaware River. In these areas of the county, marine rocks, from which these 
constituents are bel ieved to be derived, do not I ie at great depth below the 
continental beds, because of the southwestward plunge of the regional geo- 
logic structure, local up-arching of anticl inal crests, and elevation of these 
strata along faults. 


The aquifers of Delaware County are generally adequate for current ground- 
water use and appear capable of providing additional yield. The most likely 
areas for development of large ground-water suppl ies are bel ieved to be the 
thick bodies of saturated, coarse stratified drift, particularly in the larger 
valleys, if properly screened and developed wel Is are used to tap these 
deposits. 
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Table 6.-
Dri I lers' logs of selected wel Is and test holes, Delaware County 
Notations in parentheses are comments of the author 


D 21 


liT, 4.IS, 3.9E; drilled by Wm. Stothoff Co., Inc., 
1939; altitude 1,2'20 feet. 


Top soi I, sand, gravel, and rock (boulders?)......... 
Hardpan and clay.
..... 
Clay, mucky............ 
Ou icksand................ ............ 
Rock, gray (boulders?) and gravel 
Hardpan................... 
Rock, gray................ 


................ 


. ......... ........... ,., ..... 


o 46; IIU, 6.95, 6.1
E; dri lied by George Birge, 1932; 
altitude 1,770 feet. 


Sand, grave I , 
Shale, red... 


and hardpan.. 


............. 


............. 


D 52; 


I 2V, 77N , O. 8\" ; 
1932; al-:-itude 


drilled by Wm. 
I ,580 feet. 


stothof f Co., 


Inc., 


Boulders.............. 


................. 


Boulders and hardpan.. 
Boulders..... 
Roc k, red.... 
Rock, gray.............
.. 
Rock, red and gray.... 
Rock, red............. 
Roc k, 9 ray. . . . . . .. . . . . . . . . . . . 
Rock, red................. 
Rock, blue and red........ 
Rock, red....................... 
Granite (conglomerate?). 
Rock, blue.............. 
Granite (conglomerate?) gray.................. 
Rock, blue-. 
Rock, gray. 
Rock, blue....................... 
Rock, red, blue, and gray............................... 
Rock, 


.................. 


............. 


..0.............. 


.... I.... ,.... ...... ...... 


................ 


... ................ 


.................... 


................ 


gr ay . . . . . " . . . . . . . . . . . . . . . . . . . . . . . . .. . · .. · · . · · · · · · · · · 


D 59; 12V, 8.2N, 0.7E; dri I led by Van Loan,altitude 1,400 
feet. 


Sand, gravel, and hardpan............. 
Sandstone, red, and some shale........ 


.................. 


.................. 


51 


Thickness 
(feet) 


31 
20 
15 
33 
17 
60 
100 


20 
42 


7 
9 
60 
9 
15 
20 
22 
17 
44 
31 
118 
7 
22 
62 
81 
19 
43 
5 
9 


90 
50 


Depth 
(feet) 


31 
51 
66 
99 
116 
176 
276 


20 
62 


7 
16 
76 
85 
100 
120 
142 
159 
203 
234 
352 
359 
381 
443 
524 
543 
586 
591 
600 


90 
140 



Table 6.--0ri I lers t logs of selected wet Is and test holes, Delaware County 
(continued) 


Thickness 
-( feet) 


o 78; 12U, 7.3S, 6.0E; dri I led by Van Loan; altitude 
I, 360 feet. 


Depth 
(feet) 


So i I and hardpan........................................ 13 13 
Sandstone, blue......................................... 60 13 
Sandstone, red.......................................... 30 103 
Sandstone, gray......................................... 83 186 


o 100; 12S, 5.3S, 5.9E; dri lied by Wm. Stothoff Co., Inc., 
altitude 1,220 feet. 


F i I I, ashes............................................. 
San d, ye I I ow, and J oa m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand, gravel, and clay.................................. 
C I a y, red............................................... 
H a r d pa n and g rave I . . . . . . . . . . . . . . . . 
 . . . . . . . . . . . . . . . . . . . . . 
Hardpan and gravel with large fragments.................. 
Sandstone, gray.......................... 
 . . . . . . . . . . . . . . 


2 
3 
20 
18 
13 
10 
158 


o 102; 12 5, 5.9S, 5.8E; dri I led by Wm. Stothoff Co.. Inc., 
1940; altitude 1,220 feet. 


2 
5 
25 
43 
56 
66 
224 


Stone and clay........................................... 20 20 
Clay, sandy............................................. 40 60, 
C I a y, fine............................................... 12 72 
H a r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 I I 4 
5 and stone, 9 ray. . . . . . . . . . . . . . . . . . . . .'. . . . . . . . . . . . . . . . . . .. 306 420 


0112; 13S, 5.3N, 7.4w: dri' ler not known, 1945; altitude 
940 feet. 


Loam and fine gravel..................................... 25 25 
San,d, ' ve,ry . fine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. I 10 1 35 
Sandstone 1 gray, dense, very hard....................... 22 157 


o I 23 ; I 3S, 
. . OS 1 I. 2W; d r i I led by T u I I y, 1945; a I tit u de 
910 feet. 


Grave I . . . . . . . . . . . . . . . . . . . . . . of . .. . . . . .. . . . . . . . . . .. . . . . . . . . .. 90 90 
Sha Ie, red.............................................. 15 105 
Sandstone, blue......................................... 60 165 
S h a le, g ray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0 I 75 


- 52. - 



Table 6
--Dri I lers' logs of selected we I Is and test holes, Delaware County 
(continued) 


D 162; IIU, 7.95, 5.5W; dri I led by Van Loan, 1948; altitude 
1,880 feet. 


Gr a ve I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ha r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
S ha Ie, red..................... of . . . . . . . . . . . . . . . . . . . . . . 


Sandstone, gray, with interbedded red shale........... 


D 175; 125, 6.6s, 6.3E; dri I led by Hal I & Co., 1946; altitude 
1,240 feet.. 


G rave J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . It . . . . . 


San d, some wa t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


C Jay. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Sandstone, gray, water................................ 


D 200; 13T, 4.6N, 0.8w; dri I led by Van Loan, 1944; altitude 
1,120 feet. 


So i I and ha r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Qu i cksand. . . .. . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . . . . . . . . . . . . 
Grave I, hard, 4 g pm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


D 210; 12T, 6.7N, 4.ow; driller not known; year not known; 
altitude 1,457 feet. Log is quoted as furnished by 
State Geologist of New York. 


No samp Ie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
K i skat om . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Ashokan sand, shale, and flags........................ 
Mt. Marion shale and sands............................ 
5 ton y H 0 I 1 ow san d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Bakoven sha Ie......................................... 


Onondaga 1 imestone and chert.......................... 
Schohar i e limestone................................... 


E sopu S s h a Ie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Oriskany sand to slate, some gas.................. ..... 
Helderberg limestone.................................. 


No samp Ie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ma n I ius ..Be rt i e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cam i I I us do 10m i te and anhydr i te. . . . . . . . . . . . . . . . . . . . . . . 
Vernon red and green sha Ie, anhydr i i"e, some do I.om i te 
below 4,415 feet, some gas......................... 


Lock port. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


- 53 - 


Thickness 
(feet) 


Depth 
(feet) 


10 
23 
40 
184 


10 
33 
73 
257 


17 
70 
38 
15 


17 
87 
125 
140 


15 
20 
12 


15 
35 
47 


200 200 
425 625 
637 1,262 
1,557 2,819 
35 2,854 
784 3,638 
96 3,734 
31 3,765 
59 3,824 
22 3,846 
16 3,862 
27 1 + 4,136 
59 4,195 
106 4,301 
151 4,452 
18 4,470 



Table 6.--Drj I lers' logs of selected wells and iest holes, Delaware County 
(continued) 


D 225; 12S, 3.3N, 0.2E; dri lied by Roy Myers, 1948; 
altitude 1,330 feet. 


Grave J, coarse............................................... 
eta y and }1 a r d pa n.. . .. . . . .. . . . . .. . .. . .. . . . . . . .. .. . . . . . . . . . . . . .. . 
Clay, gray-b I ue.. . . . . . . .. .. . . .. . .. .. .. .. . .. .. .. . .. . . . . .. . .. . 0 . .. .. .. .. .. . 
Sa ndstone, red............................................................. 


o 288; 13T, 6.0N, 3.2E; dri I led by Harlan and Plunkett, 1937; 
altitude 1,162 feet. 


Sand, sma I I boulders, and sma I I amount of clay........ 


Sandstone, gray........................................................................... 
5 ha Ie.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. 


Sandstone, gray............................................................................ 


D 289; 13U, 3.3N, 6.5W; dri I led by Harlan and Plunkett, 1937; 
altitude 1,744 feet. 


Clay, rock flour, sand, cobbles)boulders, and sma I I 
5 tone s.. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. . .. .. .. 


Sandstone, med i um-gra i ned, gray....................... 


S h a Ie, blue........................................... 


Sandstone, medium-grained, gray....................... 
S ha Ie, blue 
 . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 


o 290; 13T, 1.7N, 3.7'1"1; dri lied by p. Kelly, 1931; altitude 
1,157 feet. 


Topsoi I, boulders, and rock fragments................. 
Sandstone, fine-grained, blue-gray; some shaly 


sandstone. . . . lit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 


D 305; 12S, 1.3S, LI.2W; dri lied by Butcher Bros., 1948; 
altitude 1,470 feet. 


Sand.. . . . .. . . . .. . . .. .. . .. .. . . .. . . . .. .. . .. .. . . . .. . . .. . .. . . .. .. .. . .. .. .. . .. .. .. .. 


Clay.. . .. . .. .. . .. . . . . . . . .. .. . . .. . .. . .. . .. . .. .. . .. . .. . . . .. . .. . .. .. .. .. .. .. .. .. .. .. 
San d and 9 rave , .. .. . . '" .. . . .. . .. . .. . .. . .. .. .. .. .. . .. . . . . .. .. .. .. .. . . .. . . .. .. 
5 ha Ie, gr ay .. . . .. .. .. .. . . . . . .. .. . . .. . . . . .. .. . .. . .. .. .. .. .. . . . .. . .. .. .. .. . .. .. 


D 337; 12S, B.IN, 6.5E; dri lied by Jack Reynolds, 1948; 
a It itude 1,21+0 "feet. 


H a r d pa n .. .. .. .. . .. .. . . .. . .. .. .. .. . . .. .. . . .. .. . . .. . .. . .. .. .. . . . . . . .. .. . .. .. . .. .. . 
G rave I . . . . . . .. . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . .. . . .. .. . . . . . . . 
Sand. . . . . . . .. .. . .. . . .. .. . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 


Clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Thickness 
(feet) 


15 
10 
55 
6 


7 
13 
6 
I 


31 
9 
I 
7 
3 


II 


21 


30 
35 
10 
90 


20 
10 
38 
4 
77 


Depth 
(feet) 


15 
25 
80 
B6 


7 
20 
26 
127 


31 
40 
41 
48 
51 


II 


32 


30 
65 
75 
165 


20 
30 
68 
72 
149 



Table 6.--Dril lers' logs of selected wel"ls and test holes, Delaware CQunty 
(continued) 


D 346; 125, 8.35, 5.8'tJ; dri lied bV Butcher Bros., 1948; 
altitude 1,270 feet. 


Sand, gravel, and hardpan............................. 90 
Shale (hard clay?).................................... I 
Sand and gravel....................................... 9 
Sha Ie (hard clay?).................................... 2 
Sand and gravel....................................... 4 


o 352; 125, I.IS, 1.4E; drilled by Butcher Bros., altitude 
1,960 feet. 


5 and and g rave I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5 and stone, g ray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sandstone, red........................................ 
Sandstone, graV....................................... 
San d stone, b ro\'l n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


D 356; I 2T, 8. 5N , 4 . 5 E; d r i I led by Jack R e y no Ids, 1948 ; 
altitude 2,260 feet. 


Ha r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sa n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ha r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay . 
 . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sha Ie, soft, red...................................... 


o 369; 12T, 2.8N, 3.5E; dri lied by Tully, 1946; altitude 
I , 740 feet. 


Soi I, gravel, and hardpan............................. 
5 ha Ie, red............................................ 
Shale, gray; I gpm.................................... 
5 h a I e ,re d, 9 9 pm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


D 378; 13S, 1.05, 4.IE; dril led by Tul IV, 1946; altitude 
1,000 feet. 


Ha r d pa n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand and gravel....................................... 
Sandstone, gray....................................... 


- 55 - 


Thickness 
(feet) 


75 
10 
10 
60 
10 


10 
20 
20 
10 
76 


54 
96 
41 
50 


10 
70 
52 
64 


Depth 
(feet) 


90 
91 
100 
102 
106 


75 
85 
95 
155 
165 


10 
30 
50 
60 
136 


54 
150 
191 
241 


10 
80 
132 
196 



Table 6..-Dri flers' logs of selected wel Is and test holes, Delaware County 
(continued) 


o 382; 13T, 1.45, 5.5\1; drilled by Tully, 1948; altitude 
I ,040 feet. 


Clay, hardpan, and gravel............................. 
G rave I and san 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sandstone, shaly, brown............................... 


D 383; 135, 8.li.N, 1.8'vJ; drilled by Tully, 19L
6; altitude 
1,120 feet. 


Grave' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
San ds tone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5 ha Ie, re d. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sandstone, gray....................................... 


D 386; 135, 0.7N, 6.7W; dri I led by Butcher Bros., 1946; 
altitude 980 feet. 


So; I and hardpan...................................... 
Sand, water........................................... 
H a r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Sand, coarse, and gravel.............................. 


Sa nds tone. . e.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5 ha , e . . . . . . . . . . . . . .. . . . . . . . . 
 . . . . . 
 . . . . 
 . . . . . . . . . . . . . . . 


0398; 135,6.95, I.OE; drilled by Tully, 1945; altitude 
I ,540 fee t . 


Ha r d pa n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. . 
 . ; . 
 . 
 
 . . . . . . 
Sandstone, gray....................................... 
Sha Ie, red............................................ 
Sha Ie, gray........................................... 


o 400; 12T, O.lr5, 2.0E; drilled by Tully, 1948; altitude 
I ,325 feet. 


So ii, clay, and bou I ders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Grave I, I i tt I e water.................................. 


C 'ay, red.............................................. 


Sand, fine, and gravel................................ 
Grave I, med i um. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


- S6 


Thickness 
(feet) 


150 
C:;)J. 
/, 
41 


10 
8h 
5 
45 
4 


43 
20 
7 
3 L !- 
20 
10 


30 
75 .' 
20 
57 


20 
5 
10 
5 
10 


De pt h 
(feet) 


150 
204 
245 


10 
94 
99 
144 
148 


It 3 
63 
70 
104 
124 
13 1 + 


30 
105 
125 
182 


20 
25 
35 
40 
50 



Table 6
-:Dri I lers' logs of selected we I Is and test holes, Delaware County 
(continued) 


o 1103; 135" 6. 3N" 3. 7
'J; dr i I I ed by Tu I I y, 1946; a It i tude 
1,060 feet. 


Sand and grave I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . · · 100 
Qu i ck san d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . · . · · · · · 10 
Sha Ie, gray........................................... 85 


o 406; 13S, 4.75, 3.3E; dri lied by Tully, 19 4 6; ali itude 
I ,640 feet. 


Ha r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · · · · · · . . I 40 
Sandstone, gray....................................... 48 
Sha Ie, gray........................................... 10 


o 408; 13S, 9.5S, 1.6E; drilled by Tully, 1947; altitude 
890 feet. 


Gr a ve I . . . . . . . . . . . . . . · · · · · · · · · · · . · · · . · · · · · · · · · · · · · · · · . . 


Sandstone, gray....................................... 
Sha Ie, gray........................................... 


o 420; 12T, 1.2N, 4.0E; drilled by Tully, 191
6; altitude 
I , 350 feet. 


San d , . g rave I., and a I i tt 1 e c I a y . . . . . . . . . . . . . . . . . . . · · · · 70 
SandsTone and shale, interbedded...................... 102 


o 422; 13S, 9.4S, 1.8E; drilled by Tully, 1946; altitude 
880 feet. 


G rave I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · · · . 20 
H a r d pa n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . · · . · · · · · · I 49 
Sha Ie, red............................................ 48 


o 426; 12S, 6.IN, I.OE; dri I led by U.S. Army, Corps of 
Engineers, between 1938 and 1945; altitude 1,169 feet. 


Top so i I . . . . . . . . . . · . · · · . · · · . · . . · · . · . . . · · · · · · · · · · · . . · . · . 


Si It, a I ittle clay and sand.......................... 
S i It" sandy, and trace of clay........................ 
Si It, sand and gravel, and a I ittle clay.............. 
Silt, sandy, a little clay and gravel................. 
Silt, clayey, and a I ittle sand; some boulders at 


bottom. . . . . . . . . . · · · · . · · · · · · · · · · · . · · · · · · · · · · · · · · · . · · 


Sand, silt, some gravel, and a trace of clay.......... 
Sandstone, medium- to coarse-grained, soft to hard, 


gray. . . . . . . . . . · · · · · · · · · · · . · · · . · · · · · · · · · · · · · · · · · · · . · 
Shale, si Ity, .soft, gray.............................. 
Sha Ie, hard, red...................................... 
Sandstone, very fine-grained, hard, red............... 
Shale, clayey, soft to medium, hard, red.............. 
Sandstone, very fine-grained, hard, red............... 


Thickness 
(feet) 


Depth 
(feet) 


100 
110 
195 


140 
188 
198 


85 
85 
10 


85 
170 
180 


70 
172 


20 
169 
217 


I I 
3 4 
3 7 
17 24 
3 27 
30 57 
19 76 
14 90 
I 91 
4 95 
6 101 
12 113 
2 115 



Table 6.--DrLI lers t logs of selected wel Is and test holes, Delaware County 
(continued) 


Thickness 
(feet) 


Depth 
(feet) 


D 427; 12S, 5.5N, I.OE; dri lied by U.S. Army, Corps of 
Engineers, between 1938 and 1945; altitude 1,232 feet. 


San d, 9 r a vel, some s i It, and a t r ace 0 f c I a y . . . . . . . . . . . 3 
Gravel, some sand and si It, and a trace of clay........ 8 
Sand, some gravel and si It, and a trace of clay........ 6 
Sandstone, coarse-grained, hard, gray.................. 12 
Shale, grayish-green................................... I 
Shale, si Ity to sandy, red............................. 60 
Sandstone, hard, red................................... 2 


3 
II 
17 
29 
30 
90 
92 


o 428; 125, 6.0N, 1.3E; dri I led by U.S. Army, Corps of 
Engineers, between 1938 and 1945; altitude 1,118 feet. 


Topso ii, s i It, and trace of sand....................... I 
Gravel, si Ity, and traces of sand and clay............. 4 
Gravel, si Ity, a I it tie sand, trace of clay, numerous 
boulders at bottom.................................. 15 
Sandstone, fine to medium-grained, gray................ 10 
5ha Ie, soft, green iSh-gray to light-gray............... 2 
Sha Ie, soft-, red....................................... 3 
Sandstone, fine-grained, hard, red..................... 9 
Sha Ie, hard, red....................................... 2 
Sandstone, very fine-grained, hard, red................ 6 
Shale, silty, hard, red................................ 13 
Sandstone, very f ine-gra i ned, hard, gray............... 2 


I 
5 


20 
30 
32 
35 
44 
46 
52 
65 
67 


D L
76; 12U, 7.3N, 2.6E; dri Iler not known; 1939; altitude 
I , 550 feet. 


Not know n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
G rave I · · . · . . · · . . . · . . . . . . . . . . . . . . . . ,. . . . . . . . . . . . . . . . . . . . . I 5 
Clay I red.............................................. 27 
San d , fin e, b I a ck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 4 
Rock, hard, red........................................ 87 
Rock, red.................................. ._. . . . . . . . . . . 55 
Rock, red, changing to gray, 12.5 gpm.................. 33 
Rock, red.............................................. 20 
Rock, red, and gray, 16 gpm......................... ... 29 
Rock red and gray, 23 gpm.............................. 25 
o 482; 135, 7.IN, 3.7W; dri lied by R. J. Myers; 1948; 
altitude 1,080 feet. 


8 
23 
50 
64, 
151 
206 
239 
259 
288 
313 


Gra ve I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. . . . . . . . . . . . . . . 20 
Qu icksand.............................................. 20 
Sa n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 
G rave I, 30 9 pm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . . I 0 


20 
40 
80 
90 
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Table 6.--Dri Ilers' logs of selected wel Is and test holes, Delaware Co
nty 
(continued) 


Thickness 
(feet) 


Depth 
(feet) 


D 487; 125, 4.3N, 7.8w; dri I led by Raymond Gordon, 1942; 
altitude 1,000 feet. 


Topsoi I, sand, and gravel.............................. 20 
Clay, mixed with stones at top......................... 80 
Ha r d pa n, re d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 2 
Shale, soft, closely jointed, red...................... 8 
Sandstone, red......................................... 10 
5 ha Ie, red..........".................................. I 0 


20 
100 
112 
120 
130 
140 
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